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Description

BACKGROUND AND FIELD OF THE INVENTION

[0001] The present invention is directed to a vehicle
alignment/calibration method and system, and in partic-
ular to a method and system for aligning mobile calibra-
tion targets mounted to a first vehicle relative to a second
vehicle for alignment of the sensors of the second vehicle
when in the field away from a traditional service facility
for calibration of the sensors of the second vehicle.
[0002] The use of radar, imaging systems, and other
sensors, such as LIDAR, ultrasonic, and infrared (IR)
sensors, to determine range, velocity, and angle (eleva-
tion or azimuth) of objects in an environment are impor-
tant in a number of automotive safety systems, such as
an Advanced Driver Assistance System (ADAS) for a ve-
hicle. A conventional ADAS system will utilize one or
more sensors. While these sensors are aligned and/or
calibrated by the manufacturer during production of the
vehicle whereby they are able to provide accurate driver
assistance functionality, the sensors may need realign-
ment or recalibration periodically, such as due to the ef-
fects of wear and tear, or misalignment due to driving
conditions or through mishap, such as a collision.
[0003] US 2013/0325252 A1 discloses a method and
device for calibrating and adjusting a vehicle surrounding
sensor in which measuring heads having stereo cameras
are disposed on either side of a vehicle, with the meas-
uring heads determining the position of targets on op-
posed wheels, and targets on a frame, as well as the
position of the measuring heads relative to each other.
Based thereon the position of a calibration on the frame
may be adjusted.
[0004] US 2017/097229 A1 discloses a wheel aligner
having cameras for viewing targets mounted on wheels
of the vehicle and capturing image data of the target as
the wheel and target are continuously rotated.
[0005] US 2006/090356 A1 discloses a vehicle wheel
alignment angle sensor system in which a light source is
mounted to a wheel of a vehicle and a wheel alignment
angle sensor having an internal imager array is mounted
to another wheel. The imager array receives light pro-
jected from the light source through a lens for determining
the angular orientation of the vehicle wheel.

SUMMARY OF THE INVENTION

[0006] The present invention provides a mobile meth-
od and system using a transport vehicle for calibrating
and/or aligning a vehicle-equipped sensor by aligning the
vehicle and thereby the vehicle equipped sensor with one
or more calibration targets. The transport vehicle is
equipped with a target positioning system that is posi-
tioned adjacent a sensor equipped vehicle for aligning
the vehicle-equipped sensor(s) to the one or more cali-
bration targets. As discussed herein, once a vertical cent-
er plane of the equipped vehicle is determined, a lateral

center point of a target may be appropriately aligned with
the vehicle’s ADAS sensors with respect to the vertical
center plane. In particular, a controller issues control sig-
nals for controlling the driven motion of a mounted target
such that the target panel is aligned to the vehicle’s ADAS
sensors.
[0007] According to an aspect of the present invention,
a mobile system and method of calibrating a sensor of
an equipped vehicle by aligning a target with the sensor
includes initially positioning a transport vehicle carrying
a target adjustment stand adjacent the equipped vehicle
and nominally positioning the equipped vehicle in front
of the target adjustment stand, where the target adjust-
ment stand includes a base and a target mount config-
ured to support a target with the target adjustment stand
including one or more actuators for adjusting the position
of the target mount. An orientation of the vehicle relative
to the target adjustment stand is then determined, with
the target mount, and thereby the target, being positioned
relative to a sensor of the vehicle based on the deter-
mined orientation of the vehicle relative to the target ad-
justment stand, including such as based on a known lo-
cation of the sensor on the vehicle. Upon positioning the
target relative to the sensor a calibration routine is per-
formed whereby the sensor is calibrated using the target.
[0008] The invention is defined by a mobile system for
aligning a target to an equipped vehicle for calibration of
a sensor on the equipped vehicle according to claim 1.
The target adjustment stand is movably mounted to the
transport vehicle and is moveable from a transport posi-
tion to a deployed position, such as from an interior bay
of the transport vehicle. The target adjustment stand in-
cludes a base member movably mounted to the base
and a tower joined to the base member, and with the
target mount supported by the tower. The target adjust-
ment stand further includes a base member actuator con-
figured to selectively move the base member relative to
the base and tower actuators configured to selectively
move the tower relative to the base member. A computer
system is operable to selectively actuate the base mem-
ber actuator and tower actuators to position the target
relative to an equipped vehicle positioned in front of the
target adjustment stand, and in particular relative to a
sensor of the vehicle. The computer system is configured
to determine the orientation of the equipped vehicle rel-
ative to the target adjustment stand and to actuate the
base member actuator and tower actuators responsive
to the determination of the orientation of the equipped
vehicle relative to the target adjustment stand.
[0009] Still further, the system utilizes two rearward
wheel clamps and two forward wheel clamps, wherein
the rearward wheel clamps each include a light projector
and are configured for mounting to the opposed wheel
assemblies of the vehicle furthest from the target adjust-
ment stand, with the forward wheel clamps each includ-
ing an aperture and being configured for mounting to the
opposed wheel assemblies of the vehicle closest to the
target adjustment stand. The light projectors are operable
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to selectively project light at respective ones of the ap-
ertures through which the projected light is directed at
the target adjustment stand. The target adjustment stand
further includes a pair of imagers with each imager op-
erable to image projected light passing through respec-
tive ones of the apertures, with the computing system
being operable to determine the orientation of the vehicle
relative to the target adjustment stand based on the im-
ages of projected light obtained by the imagers.
[0010] According to a particular aspect of the invention,
a pair of spaced-apart imager panels are provided on the
target adjustment stand, where the projected light pass-
ing through the apertures is projected onto respective
ones of the imager panels to form a light pattern on the
imager panel, with the imagers configured to image the
light patterns. The imager panels may be translucent with
the light patterns formed on a front surface of the panels
with the imagers arranged to image the light pattern from
a back surface of the imager panels.
[0011] A pair of the wheel clamps may each further
include a distance sensor configured to obtain distance
information of the pair of wheel clamps relative to spaced
apart portions of the target adjustment stand, such as
the imager panels, with the computer system determining
the orientation of the vehicle relative to the target adjust-
ment stand based at least in part on the distance infor-
mation from the distance sensors.
[0012] The computer system may comprise a control-
ler disposed at or locally to the target adjustment stand,
with the controller configured to selectively actuate actu-
ators of the target adjustment stand. The computer sys-
tem may further comprise a remote computing device
that is configured to determine the orientation of the ve-
hicle relative to the target adjustment stand and transmit
control signals to the controller for selectively actuating
the actuators, such as via an Internet connection.
[0013] The computer system, such as the remote com-
puting device, may interface with one or more databases
for performing the alignment of the target relative to the
sensor of the vehicle, as well as performing the calibration
routine. The databases may include information regard-
ing makes and models of vehicles, as well as databases
regarding specifics of the ADAS sensors equipped on
such vehicles and processes for calibrating the sensors,
including for example locations of the sensors on the ve-
hicle, specifics regarding the type of target to use for cal-
ibrating the sensor, and calibration program routines for
calibrating the sensor. The databases may further in-
clude calibration routines, such as OEM calibration rou-
tines. The computer system may further include a com-
puting device, such as an operator computing device,
that interfaces with ECUs of the vehicle to obtain infor-
mation from the vehicle and/or perform a calibration rou-
tine.
[0014] According to still a further aspect of the present
invention, a mobile system for aligning a target to an
equipped vehicle for calibration of a sensor on the
equipped vehicle includes a transport vehicle with a tar-

get adjustment stand moveably mounted to the transport
vehicle, wherein the transport vehicle is configured to
transport the target adjustment stand to the equipped
vehicle for calibration of a sensor on the equipped vehi-
cle, with the target adjustment stand being moveable be-
tween a deployed position and a transport position, and
with the target adjustment stand being positioned adja-
cent the equipped vehicle in the deployed position and
stowed for transport in the transport position. The target
adjustment stand includes a base and a target mount
moveably mounted on the base with the target mount
configured to support a target. The target adjustment
stand further includes a plurality of actuators configured
to selectively move the target mount relative to the base.
Wheel clamps are affixable to wheels of the equipped
vehicle, including two rearward wheel clamps and two
forward wheel clamps, where the rearward wheel clamps
each include a light projector and are configured for
mounting to the opposed wheel assemblies of the
equipped vehicle furthest from the target adjustment
stand, and where the forward wheel clamps each include
an aperture and are configured for mounting to the op-
posed wheel assemblies of the equipped vehicle closest
to the target adjustment stand. The light projectors are
configured to selectively project light at respective aper-
tures through which the projected light is directed at the
target adjustment stand. The target adjustment stand fur-
ther comprises a pair of imagers with each imager oper-
able to image projected light passing through respective
ones of the apertures. The system also include a com-
puter system configured to selectively actuate the actu-
ators to position the target relative to the equipped vehicle
when the equipped vehicle is positioned in front of the
target adjustment stand, with the computer system being
configured to determine the orientation of the equipped
vehicle relative to the target adjustment stand based on
images of projected light obtained by the imagers and to
actuate the actuators responsive to the determination of
the orientation of the equipped vehicle relative to the tar-
get adjustment stand to position the target relative to a
sensor of the equipped vehicle whereby the sensor is
able to be calibrated using the target.
[0015] The present invention provides a mobile system
and method for accurately positioning a calibration target
relative to a sensor of a vehicle and calibrating the sensor,
such as in accordance with OEM specifications. The
transportability of the target positioning system using the
transport vehicle enables convenient repair of sensor
equipped vehicles, and the accurate positioning and cal-
ibration of the sensor thus aids in optimizing the perform-
ance of the sensor to in turn enable the sensor to perform
its ADAS functions. These and other objects, advantag-
es, purposes and features of this invention will become
apparent upon review of the following specification in
conjunction with the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a perspective view of a transport vehicle
mounted vehicle target alignment system in accord-
ance with the present invention shown in use with
an adjacently positioned vehicle;
FIG. 1A is side view of the transport vehicle mounted
vehicle target alignment system of FIG. 1 with a tar-
get positioning system or assembly shown deployed
from the transport vehicle as in FIG. 1;
FIG. 1B is a partial cutaway side view of the transport
vehicle of FIG. 1 with the target positioning system
shown retracted into the transport vehicle in a trans-
port position;
FIG. 2 is a side perspective view of the vehicle of
FIG. 1 to which wheel mounted alignment tools in
accordance with the present invention are affixed;
FIG. 3 is a perspective view of the wheel mounted
laser tool clamp of FIG. 2;
FIG. 3A is a close-up perspective view of the wheel
clamp of FIG. 3 shown removed from the wheel as-
sembly;
FIG. 4 is a perspective view of the wheel mounted
aperture plate tool clamp of FIG. 2;
FIG. 4A is a close-up perspective view of the wheel
clamp of FIG. 4 shown removed from the wheel as-
sembly;
FIG. 5 is a front perspective view of the target posi-
tioning system of FIG. 1 shown apart from the trans-
port vehicle and configured as a target adjustment
frame or stand;
FIG. 6 is a rear perspective view of the target adjust-
ment frame or stand of FIG. 1 shown apart from the
transport vehicle;
FIG. 7 is a perspective view of an alignment housing
of the target adjustment frame of FIG. 1 illustrating
an imager disposed therein;
FIG. 8 is an interior view of the imager panel of the
alignment housing of FIG. 7;
FIG. 9 is an interior perspective view of the alignment
housing of FIG. 7 for calibration of the imager;
FIG. 10 illustrates an exemplary flow chart of the
operation of a mobile vehicle target alignment sys-
tem in accordance with the present invention;
FIG. 11 is a schematic illustration of remote proc-
esses operations of a mobile vehicle target align-
ment system in accordance with the present inven-
tion;
FIG. 12 is a perspective view of the transport mount-
ed vehicle target alignment system of FIG. 1
equipped with an adjustable ground target assembly
illustrating the vehicle in a reversed orientation rel-
ative to the target adjustment frame;
FIG. 13 is a close-up perspective view of the system
and orientation of FIG. 12 disclosing the adjustable
ground framework for positioning of the mat relative

to the vehicle; and
FIG. 14 is an overhead view of the vehicle target
alignment system and orientation of FIG. 12;
FIG. 15 is a perspective view of an alternative target
positioning system in accordance with the present
invention;
FIG. 16 is a side elevation view of an alternative in-
stallation of a target positioning system within a
transport vehicle in accordance with the present in-
vention;
FIG. 17 is a side elevation view of an alternative
transport vehicle and target positioning system in ac-
cordance with the present invention; and
FIG. 18 is a side elevation view illustrating additional
adjustment controls for a target positioning system
is accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The present invention will now be described
with reference to the accompanying figures, wherein the
numbered elements in the following written description
correspond to like-numbered elements in the figures.
[0018] FIG. 1 illustrates an exemplary mobile vehicle
target alignment and sensor calibration system 20 in ac-
cordance with the present invention. In general, system
20 includes a transport vehicle 21 that can be driven to
a remote location at which a vehicle 22 is located away
from a repair facility, where transport vehicle 21 includes
a target positioning system 24 that is used to align one
or more targets relative to vehicle 22, and in particular to
align targets relative to one or more ADAS sensors 30
of the vehicle 22. Upon transport vehicle 21 and vehicle
22 being nominally positioned with respect to each other,
target positioning system 24 in the illustrated embodi-
ment of FIG. 1 is deployed from transport vehicle 21,
where target positioning system 24 comprises a target
adjustment frame or stand. System 20 is then configured
to align one or more targets, such as a target or target
panel 26 mounted to target adjustment stand 24, or tar-
gets on ground mat 28, or other targets, relative to vehicle
22, and in particular to align targets relative to one or
more ADAS sensors 30 of the vehicle 22. Sensors 30
may thus be radar sensors for adaptive cruise control
("ACC"), imaging systems such as camera sensors for
lane departure warning ("LDW") and other ADAS camera
sensors disposed about vehicle, as well as other sensors,
such as LIDAR, ultrasonic, and infrared ("IR") sensors of
an ADAS system, including sensors mounted inside the
vehicle, such as forward facing cameras, or exterior
mounted sensors, with the targets supported on stand
24 constructed for calibration of such sensors, including
grids, patterns, trihedrals, and the like. Upon aligning the
target with the sensor of the vehicle, a calibration routine
is performed whereby the sensor is calibrated or aligned
using the target.
[0019] In the illustrated embodiment, transport vehicle
21 is configured as a van, panel truck or the like having
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an enclosed storage area or bay 25 within which target
adjustment stand 24 is stored for deployment. Transport
vehicle 21 may be driven to the location where vehicle
22 is parked, such as at a parking lot, parking garage,
parking spot, driveway or other ground surface, whereby
a mechanic, service technician, or operator may perform
maintenance on vehicle 22. For example, vehicle 22 may
have obtained a cracked windshield, with transport ve-
hicle 21 being used to bring a replacement windshield to
vehicle 22, whereby a service technician could replace
the windshield. In the case of a forward facing windshield
mounted ADAS camera, the mobile vehicle target align-
ment and sensor calibration system 20 may then be used
to calibrate the ADAS camera based on the newly in-
stalled windshield. It should be appreciated that transport
vehicle 21 may be used in connection with the remote
repair and calibration of other vehicle components and
sensors, including exterior side view mirrors and sensors
mounted therein, bumper or fascia mounted sensors, and
the like.
[0020] As understood from the illustrated embodiment
of FIGS. 1, 1A and 1B, transport vehicle 21 includes a
rail 27 affixed to the floor 29 of bay 25, with target adjust-
ment stand 24 being slidably mounted on rail 27 for aiding
in deploying target adjustment stand 24 from the trans-
port position within bay 25 shown in FIG. 1B, to the de-
ployed position of FIGS. 1 and 1A. As also understood
from FIG. 1B, target adjustment stand 24 is oriented side-
ways when in the transport position bay 25, whereby tar-
get adjustment stand 24 is additionally rotatable on rail
27 when extended from bay 25. As understood from
FIGS. 5 and 6, a lift 31, such as an electric or hydraulic
cylinder, is provided to raise and lower target adjustment
stand 24 relative to the floor 29 of bay 25. In particular,
upon extending and rotating target adjustment stand 24
from bay 25, target adjustment stand 24 is then lowered
via lift 31 to be in position for use in calibrating sensors
of vehicle 22. To this end, target adjustment frame in-
cludes a distance sensor 33 used to control the vertical
height of target adjustment stand 24 relative to the ground
surface upon which transport vehicle 21 and vehicle 22
are located, where distance sensor 33 may be configured
as a laser distance sensor, time-of-flight ("ToF") sensor,
or other such distance sensor.
[0021] In the illustrated embodiment, for example, dis-
tance sensor 33 may provide distance data to a computer
of system 20, such as controller 42 discussed below, with
the computer in turn controlling lift 31 so as to position
target adjustment stand 24 in a desired vertical orienta-
tion relative to the ground surface upon which transport
vehicle 21 and vehicle 22 are positioned. This may be a
distance independent of the vehicle 22 to be repaired, or
may be a predetermined distance based on the particular
make and model of vehicle 22. Alternatively, target ad-
justment stand 24 may be lowered to a fixed orientation
with other actuators of target adjustment stand 24, dis-
cussed below, being used to control the orientation of
target 26 relative to vehicle 22, and in particular control-

ling the vertical orientation of target 26.
[0022] It should be appreciated that target positioning
system 24 may be alternatively retained and/or mounted
within transport vehicle 21, and/or alternatively deployed
from transport vehicle 21. For example, as shown in FIG.
1B, transport vehicle may be equipped with a lift gate 35
that is vertically moveable via actuators 37, such as either
hydraulic or electric actuators, where target positioning
system 24 is moved out onto gate 35 and gate 35 is low-
ered for deployment and raised for returning target posi-
tioning system 24 into bay 25. Lift gate 35 itself may be
rotatable into a vertical orientation when target position-
ing system 24 is in a transport orientation, or may be
slidable under floor 29 when not in use. In still a further
alternative embodiment, target positioning system 24
may be mounted to transport vehicle 21 by a moveable
multi-axis arm 23 (FIG. 1B) that at one end is affixed to
transport vehicle 21 and at the other holds target posi-
tioning system 24. Such a moveable multi-axis arm 23
may be used to both deploy target positioning system 24
via extension of the arm and retract system 24 via retrac-
tion of the arm.
[0023] As discussed in detail below, in order to align
the targets relative to the vehicle sensors 30, in one em-
bodiment wheel clamps are mounted to the wheel as-
semblies 32 of vehicle 22, where the wheel clamps in-
clude a pair of rearward clamps or light projector clamps
34a, 34b and a pair of forward clamps or aperture plate
clamps 36a, 36b. Light projected from projector clamps
34a, 34b passes through respective aperture plate
clamps 36a, 36b and is received by an imager or camera
38 (FIG. 7) within housings 40a, 40b located on target
adjustment stand 24. As discussed in more detail below,
a computer system, such as a controller 42 that may be
configured as a programmable logic controller (PLC) of
system 20, is then configured to adjust the target relative
to sensors 30 upon acquisition of data related to the ori-
entation of vehicle 22, including based on the projected
light from projector clamps 34a, 34b received by imagers
38. Upon the targets being aligned with a sensor of the
vehicle 22, calibration of the sensor may be performed,
such as in accordance with OEM specifications. In a par-
ticular embodiment the computer system includes a re-
mote computing device that interfaces with controller 42,
such as over an internet connection, for both providing
an operator of system 20 with instructions as well as for
processing and controlling movement of target adjust-
ment stand 24. The following discussion provides details
regarding the construction and operation of the illustrated
embodiment of vehicle target alignment system 20. As
used herein, references to calibration of the sensor en-
compass alignment of the sensor.
[0024] Light projector clamps 34a, 34b and aperture
plate clamps 36a, 36b will be discussed with initial refer-
ence to FIGS. 2-4. As there shown, a left side projector
clamp 34a is mounted to the rear wheel assembly 32 of
vehicle 22 and a left side aperture plate clamp 36a is
mounted to the front wheel assembly 32. Although not
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shown in detail, it should be appreciated that the right
side clamps 34b, 36b are substantially similar to the left
side clamps 34a, 36a, but in mirror arrangement. Due to
their similarity not all of the details of the right side clamps
are discussed herein. Moreover, the left and right side
are referenced with respect to the target adjustment
stand 24 relative to the orientation in which the light is
projected at stand 24 by the projector clamps 34a, 34b.
As discussed below with reference to FIGS. 10-12, ve-
hicle 22 may be alternatively oriented with regard to sys-
tem 20 for calibration of other vehicle sensors whereby
clamps 34, 36 would be mounted to different wheel as-
semblies. That is, projector clamp 34a would be mounted
to the passenger side front wheel assembly 32 and pro-
jector clamp 34b would be mounted to the driver side
front wheel assembly 32.
[0025] In the illustrated embodiment the clamps 34a,
36a are modified from a conventional wheel clamp. The
clamps 34a, 36a, include multiple adjustable arms 44
having extendable and retractable projection arms 46 to
which are mounted claws 47, where claws 47 are con-
figured for engaging to the wheel flange 48 of the wheel
54 of the wheel assembly 32. Also provided are optional
retention arms 50 that engage with the tire of the wheel
assembly 32. In use, claws 47 may be disposed about
the wheel flange 48 with a spacing of approximately 120
degrees, with projection arms 46 being drawn in, such
as by the rotatable handle 52 shown, to securely fix the
clamp to the wheel flange 48 of the wheel 54 of the wheel
assembly 32. When so mounted, clamps 34a, 36a are
co-planar with a plane defined by the wheel 54 and are
centered on wheel 54, where wheel 54 is mounted to the
hub of the vehicle, which establishes the axis of rotation
such that the clamps 34a, 36a are mounted about the
axis of rotation of wheel 54. The clamps 34a, 36a further
include a central hub 56, which when mounted to wheel
54 is centered on the wheel 54 and is aligned about the
axis of rotation of wheel 54.
[0026] The projector clamps 34, with reference to the
projector clamp 34a shown in FIGS. 2 and 3, are modified
to include a projection assembly 60. Projection assembly
60 includes a post or shaft 62, a bearing assembly or
mount 64 mounted coaxially to shaft 62, a bearing block
65 connected with bearing mount 64 so as to be disposed
perpendicularly to shaft 62 and be able to rotate on shaft
62 via gravity, a light projector that in the illustrated em-
bodiment is configured as a laser 66 attached to bearing
block 65, and a projector controller assembly 68 that is
also attached to bearing block 65. Shaft 62 is inserted
into a hub 56 to thereby extend normal to a plane defined
by wheel 54. Bearing mount 64 in turn pivots on shaft 62
such that due to gravity it will naturally rotate into a vertical
orientation.
[0027] As understood from FIGS. 2-4, laser 66 is con-
figured to project a pair of light planes 70a, 70b (see FIG.
3A, 7 and 8) that are oriented perpendicularly to each
other in a cross pattern 71. In a situation in which shaft
62 is parallel to the surface upon which vehicle 22 rests,

light plane 70a would be planar to the surface upon which
vehicle 22 rests and light plane 70b would be perpendic-
ular to the surface.
[0028] Projector controller assembly 68 includes a
controller, such as a microprocessor, and software for
selective operation of laser 66, as well as includes an
internal battery and a transmitter/receiver for wireless
communication with controller 42, such as by way of a
Wi-Fi, Bluetooth, or other wireless communication for-
mat, which are contained within a housing, as shown in
FIG. 3. As also shown in FIG. 3, assembly 68 may be
provided with a control switch 72 for selectively powering
the projector assembly 60 on and off.
[0029] The aperture plate clamps 36, with reference to
the aperture plate clamp 36a shown in FIGS. 2 and 4,
are modified to include an aperture assembly 76. Aper-
ture assembly 76 includes a post or shaft 78, a bearing
assembly or mount 80 mounted coaxially to shaft 78, a
bearing block 81 connected with bearing mount 80 so as
to be disposed perpendicularly to shaft 78 and be able
to rotate on shaft 78 via gravity, an aperture plate 82
mounted to bearing block 81, a controller assembly 84
mounted to bearing block 81, and a distance sensor 86.
Shaft 78 is inserted into a hub 56 to thereby extend normal
to a plane defined by wheel 54. Bearing mount 80 in turn
pivots on shaft 78 such that due to gravity it will naturally
rotate into a vertical orientation.
[0030] Aperture plate 82 is configured to include pairs
of parallel opposed apertures. In the illustrated embodi-
ment these include a pair of vertically oriented elongate
apertures 88a, 88b and a pair of horizontally oriented
elongate apertures 90a, 90b (see FIG. 4A), where the
pairs of elongate apertures are oriented perpendicularly
with respect to each other and are disposed about a cen-
tral aperture 92 that in the illustrated embodiment is
square. In a situation in which shaft 78 was parallel to
the surface upon which vehicle 22 rests, apertures 90a,
90b would be aligned parallel to the surface and aper-
tures 88a, 88b would be aligned perpendicular to the sur-
face.
[0031] In the illustrated embodiment distance sensors
86 are configured as time-of-flight ("ToF") sensors that
are used to determine distances to features of the target
adjustment stand 24, as discussed in more detail below.
Controller assembly 84 includes a controller, such as a
microprocessor, and software for selective operation of
sensor 86, as well as includes an internal battery and a
transmitter/receiver for wireless communication with
controller 42, such as by way of a Wi-Fi, Bluetooth, or
other wireless communication format, which are con-
tained within a housing, as shown in FIG.4. As also shown
in FIG. 4, assembly 84 may be provided with a control
switch 94 for selectively powering the aperture assembly
76 on and off. Although distance sensors 86 are disclosed
as ToF sensors, it should be appreciated that alternative
distance sensors may be employed, such as laser dis-
tance sensors, or other conventional distance sensors.
Moreover, although distance sensors 86 are shown in
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the illustrated embodiment as being part of aperture plate
clamps 36a, 36b, in an alternative arrangement distance
sensors 86 may be disposed on projector clamps 34a,
34b. In such an alternative arrangement, the controls of
controller assembly 84 may be incorporated with control-
ler assembly 68 whereby no electronics are required on
aperture plate claims 36a, 36b.
[0032] Referring now to FIGS. 5 and 6, as previously
noted target adjustment stand 24 movably supports tar-
get 26 and includes alignment housings 40a, 40b and
controller 42. Target adjustment stand 24 includes a base
or base frame 96, which in the illustrated embodiment is
generally rectangular with various cross members. Base
96 may include wheels 98 for traversing floor 29 of trans-
port vehicle 21 to aid in the movement of stand 24 into
and out of bay 25.
[0033] Target adjustment frame or stand 24 further in-
cludes a base member 102 that is moveable forwards
and backwards via an actuator 104 along an X-axis,
where base member 102 is mounted for sliding move-
ment in rails 106 of base frame 96 and the X-axis is thus
parallel to rails 106 for movement longitudinally relative
to vehicle 22 when in the orientation of FIG. 1. A tower
assembly 108 and an imager housing support 110 are
rotatably mounted to base member 102 via a bearing
(not shown), with imager housings 40a, 40b being sup-
ported distally from one another on opposed ends of sup-
port 110. The pivoting or rotatable mounting on base
member 102 enable tower assembly 108 and imager
housing support 110 to be simultaneously rotated about
the vertical or Z-axis by way of actuator 112, as well as
translated or moved longitudinally by actuator 104 via
movement of base member 102. Due to imager housings
40a, 40b being mounted to support 110, rotation of sup-
port 110 via actuator 112 will in turn cause housings 40a,
40b to rotate about the vertical axis. Moreover, in the
illustrated embodiment the imager housings 40a, 40b are
located equidistant from the rotational Z-axis.
[0034] Tower assembly 108 in turn includes an upright
frame member configured as a vertically oriented tower
114 with vertically oriented rails 116, with a target support
assembly 118 being mounted to rails 116 whereby the
assembly 118 is moveable up and down in the vertical
or Z-axis, where assembly 118 is moveable by way of
actuator 120. Target support assembly 118 is mounted
to rails 116 for vertical movement, with a target mount
124 in turn being mounted to horizontal rail 122. Target
mount 124 is configured to hold target 26 and is horizon-
tally moveable along rail 122 by way of actuator 126.
[0035] System 20 may additionally include holders for
retaining the pairs of projector clamps 34 and aperture
plate clamps 36 for respective sides of a vehicle when
the clamps 34, 36 are not in use. In particular, the holders
may be configured as battery charging stations for re-
charging the batteries of clamps 34, 36, such as between
uses, where such holders may be mounted within bay
25 of transport vehicle 21.
[0036] Actuators 104, 112, 120 and 126 are operably

connected, such as by control wires, with controller 42
whereby controller 42 is able to selectively activate the
actuators to move their associated components of target
adjustment frame 24. It should be appreciated that vari-
ous constructions or types of actuators may be used for
actuators 104, 112, 120 and 126 for movement of the
various components of target adjustment frame 24. In
the illustrated embodiment, actuators 104, 112, 120 and
126 are constructed as electrical linear actuators. Alter-
natively, however, the actuators may be constructed as
geared tracks, adjustment screws, hydraulic or pneumat-
ic piston actuators, or the like. Still further, it should be
appreciated that alternative arrangements of target ad-
justment frame and actuators may be employed for po-
sitioning of a target within the scope of the present in-
vention. For example, base member 102 may be config-
ured for lateral movement relative to base frame 96
and/or tower 108 may be configured for lateral movement
relative to base member 102.
[0037] Details of imager housings 40a, 40b will now be
discussed with reference to FIGS. 7-9, where each im-
ager housing 40a and 40b are substantially similar such
that only one housing 40 is shown in FIGS. 7-9 and dis-
cussed herein. As understood from FIG. 7, a digital im-
ager or camera 38 is mounted to a rear wall 132 of hous-
ing 40, where camera 38 comprises a CMOS device or
the like. Housing 40 further includes a translucent or
semitransparent front panel or image panel 134 having
a front surface 136 and a back surface 138, with camera
38 being directed at back surface 138. As discussed in
more detail below, the light planes 70a, 70b projected by
laser 66 from projector clamps 34 pass through the ap-
ertures 88a, 88b, 90a, 90b and 92 of the aperture plates
82 of aperture plate clamps 36 and project onto front
surface 136 of panel 134, with camera 38 then imaging
the projected light pattern 73 viewable by camera 38 on
back surface 138 of panel 134 (FIG. 8). Camera 38 in
turn transmits signals regarding the images to controller
42.
[0038] Housing 40 further includes sides 140 and a
moveable lid 142, with panel 134 being configured to
pivot downward about support 110. Panel 134 is also
connected to a calibration panel or grid 144, whereby
when panel 134 is rotated outwardly, calibration panel
144 is disposed in the fixed upright position in which panel
134 was previously disposed. (See FIG. 9.) Calibration
panel 144 may thus be used for calibrating camera 38,
such as with respect to the vertical and horizontal orien-
tations and geometric spacings. As discussed in more
detail below, this is then used in determining the orien-
tation of the light projected on panel 134 from projector
clamps 34, which in turn is used in determining the ori-
entation of vehicle 22 relative to target adjustment frame
24 whereby a target 26 mounted on target adjustment
frame 24 may be oriented for calibration of sensors 30
on vehicle 22.
[0039] Descriptions of exemplary use and operation of
mobile vehicle target alignment system 20 may be un-
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derstood with reference to FIG. 10, which illustrates a
process 146 including various steps for aligning a target
held by target mount 124, such as target 26 or another
or additional target, relative to vehicle 22, and in particular
relative to sensors 30 of the vehicle 22 such that one or
more sensors 30 of vehicle 22 may be calibrated/aligned.
[0040] Initially at step 145 transport vehicle 21 is driven
to a location at which vehicle 22 is parked and transport
vehicle 21 and vehicle 22 are nominally positioned with
respect to one another in a longitudinal arrangement rel-
ative to the longitudinal axes of the vehicles 21, 22, with
the rear of transport vehicle 21 being directed toward
vehicle 22. For example, transport vehicle 21 may be
backed up to be positioned adjacent vehicle 22, or upon
transport vehicle 21 arriving to a location at which vehicle
22 is located, transport vehicle 21 may be parked and
vehicle 22 driven into closer proximity to transport vehicle
21. Desirably transport vehicle 21 and vehicle 22 are on
approximately flat ground with respect to one another.
At step 147 the target positioning system 24 is deployed
from the bay 25 of transport vehicle 21 to be generally
oriented relative to vehicle 22 as shown in FIG. 1. Step
147 may also involve use of sensor 33 and lift 31 to obtain
a vertical orientation or position of target positioning sys-
tem 24 relative to the ground surface upon which trans-
port vehicle 21 and vehicle 22 are located, as discussed
above.
[0041] In an initial vehicle setup step 148 vehicle 22
may be prepared, such as by ensuring that tire pressures
are nominal and that the vehicle is empty. Step 148 may
further include supplying or inputting information to an
operator computer device 166 (FIG. 11), such as by being
input into a desktop, laptop or tablet by an operator or
being obtained directly from a computer of vehicle 22,
such as an electronic control unit (ECU) of vehicle 22.
Such information may include information regarding spe-
cifics of the vehicle 22, such as its make, model and/or
other information regarding sensor systems on vehicle
22, and/or include specific information regarding sensors
30 of vehicle 22, the wheelbase dimensions of vehicle
22, or other relevant information for performing calibra-
tion/alignment of sensors 30. Still further, operator com-
puter device 166 may prompt an operator as to which
target to mount to target mount 124 for calibration of a
given vehicle sensor 30.
[0042] As discussed herein, an operator may be pro-
vided a series of instructions for performing the ADAS
calibration process 146 via operator computing device
166 provided with an operator interface, such as a graph-
ical user interface ("GUI"). The instructions may be based
on a flow chart that both requests information from the
operator regarding the vehicle, such as make, model,
VIN and/or details regarding equipment of the vehicle,
such as tire and wheel size, types of vehicle options,
including sensor options, as well as provides information
to the operator regarding the system and vehicle setup
for calibration of ADAS sensors. The provided instruc-
tions may also inform the operator how to mount and

position equipment, as well as provide adjustments to
the target adjustment frame 24.
[0043] At step 150 vehicle 22 and target adjustment
frame 24 are nominally positioned with respect to each
other such that vehicle 22 is generally longitudinally ori-
ented relative to frame 24, such as shown in either FIG.
1 in which vehicle 22 is facing forward toward frame 24
or in FIG. 10 in which vehicle 22 is directed rearward
toward frame 24. This nominal position may also include,
for example, positioning vehicle 22 at a coarse alignment
distance relative to frame 24, such as by using a tape
measure or other measuring device to obtain a coarse
alignment of the target frame 24 to vehicle 22. In a par-
ticular aspect, this may include nominally positioning the
target adjustment frame 24 relative to an axle of the ve-
hicle 22 that is closest to target adjustment frame 24.
This step also includes orienting the front wheels of ve-
hicle 22 in a straight-driving position. Sill further, distance
sensors 86 of aperture wheel clamps 36a, 36b may be
used to establish a nominal distance, as also referenced
below. To the extent that either more or less nominal
separation is needed between frame 24 and vehicle 22,
either transport vehicle 21 or vehicle 22 may be moved
as convenient.
[0044] At step 152 projector clamps 34a, 34b are
mounted to the wheel assemblies 32 of vehicle 22 that
are furthest from target adjustment frame 24 and aperture
plate clamps 36a, 36b are mounted to the wheel assem-
blies 32 that are closet to target adjustment frame 24.
Accordingly, in the orientation of FIG. 1 projector clamps
34a, 34b are mounted to the rear wheel assemblies 32
of vehicle 22, and in the orientation of FIGS. 12-14 pro-
jector clamps 34a, 34b are mounted to the front wheel
assemblies 32, with aperture plate clamps 36a, 36b being
mounted to the other wheel assemblies in each case.
[0045] At step 154, ToF sensors 86 of aperture plate
clamps 36a, 36b on either side of vehicle 22 are activated,
such as by way of a signal from controller 42 or by an
operator manually activating assemblies 76, such as by
way of switches 94. Sensors 86 are directed to generate
and acquire signals regarding the distance between each
of the aperture plate clamps 36a, 36b and the respective
panels 134 of imager housings 40a, 40b, with distance
information for both sides then being transmitted by the
respective controller assemblies 84, such as back to con-
troller 42.
[0046] At step 156, based on the acquired distance
information of step 154, controller 42 is operable to acti-
vate actuator 112 to rotate support 110 and thereby ad-
just the rotational orientation of imager housings 40a,
40b as required in order to square the housings 40a, 40b
to the longitudinal orientation of vehicle 22. Controller 42
is additionally operable to activate actuator 104 to adjust
the longitudinal position of tower assembly 108 relative
to the longitudinal orientation of vehicle 22 to a specific
distance specified for the sensors 30 of vehicle 22 un-
dergoing calibration, where this distance may be speci-
fied, for example, by the OEM procedures for calibration,
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such as including based on the front axle distance to the
target. As such each of the aperture plate clamps 36a,
36b will be at a predefined equidistance from its respec-
tive associated imager housing 40a, 40b, to thereby align
the particular vehicle sensor 30 at issue to the target. It
should be appreciated that distance measurements ac-
quired via distance sensors 86 may be continuously ac-
quired during the adjustments of support 110 and tower
assembly 108 until the desired position is achieved in a
closed-loop manner. Moreover, upon adjusting into the
desired position the distance sensors 86 may be deacti-
vated.
[0047] At step 158, lasers 66 of projector clamps 34a,
34b are activated, such as by way of a signal from con-
troller 42 or by an operator manually activating projection
assemblies 60, such as by way of switches 72. Each
laser 66 generates a cross shaped pattern of light planes
70a, 70b directed at the aperture plates 82 of the respec-
tive aperture plate clamps 36a, 36b. When so aligned,
the horizontal light planes 70a pass through the vertical
apertures 88a, 88b to form light points or dots A1 and A2
on each panel 134. Likewise, the vertical light planes 70b
pass through the horizontal apertures 90a, 90b to form
light points or dots B1 and B2 on each panel 134. More-
over, a portion of the intersecting light planes 70a, 70b
of each laser 66 pass through the central aperture 92 of
the respective aperture plates 82 to form a cross pattern
71. The dots A1, A2 and B1, B2, as well as the cross
pattern 71, thus form a light pattern 73 on the panels 134,
which is viewable by camera 38 on surface 138 (FIG. 8).
It should be appreciated that alternative light patterns
may be employed, such as may be generated by alter-
native light projectors and/or different aperture plates, for
determining the orientation of the vehicle 22 relative to
target adjustment frame 24.
[0048] At step 160, the cameras 38 of each of the im-
ager housings 40a, 40b image the back surfaces 138 of
the respective panels 134 to obtain images of the light
pattern formed on the panels 134 by the lasers 66 as the
light planes 70a, 70b pass through the aperture plates
82. The images taken by cameras 38 are transmitted to
controller 42, with controller 42 thus being able to define
a proper orientation for the target mount 124, and asso-
ciated target 26, relative to the current position of the
vehicle. For example, controller 42 is able to determine
the location of the vertical center plane of vehicle 22 rel-
ative to target adjustment frame 24 via the respective
light patterns 73. The controller 42 may first identify the
dots A1, A2 and/or B1, B2, including via use of the cross
pattern 71 as a reference for identifying the imaged dots.
Controller 42 may then resolve the relative location of
dots A1, A2 and/or B1, B2 on each of the panels 134
based on the predetermined known calibration of camera
38 established via calibration panel 144. For example,
controller 42 may determine the center line location of
vehicle 22 based on the known spacing of housings 40a,
40b relative to the Z-axis and the determination of the
relative location of the dots A1, A2 formed on panels 134.

[0049] In particular, various vehicle alignment param-
eters may be determined via light patterns 73. For exam-
ple, a rolling radius may be determined via the dots B1,
B2 and the known symmetrical spacing of apertures 90a,
90b relative to each other about the axis defined by shaft
78, which is in alignment with the axis of the associated
wheel assembly 32 to which the clamp 36 is mounted,
thus enabling determination of the vertical radial distance
from the ground to the axes of the front wheel assemblies
32 of vehicle 22. The rolling radius value from both sides
of the vehicle 22 may be obtained and averaged together.
Rear toe values may also be obtained from dots B1, B2
with respect to A1, A2 via the vertical laser planes 70b
passing through the horizontal apertures 90a, 90b, where
a single measurement would be uncompensated for ru-
nout of the rear wheel assemblies 32. In addition, the
vehicle centerline value may be obtained via the dots A1,
A2 formed by laser planes 70a passing through the ver-
tical apertures 88a, 88b on each side of the vehicle 22.
[0050] At step 162, based on the acquired vehicle po-
sition or center plane information of step 160, controller
42 is operable to activate actuator 126 to adjust the lateral
orientation of the target mount 124, and thus the target
26 mounted thereon, to a desired lateral position relative
to vehicle 22, and in particular relative to a particular sen-
sor 30 of vehicle 22. For example, a sensor 30 positioned
on vehicle 22 may be offset from the vehicle centerline,
with system 20 taking this into account, such as based
on the vehicle make, model and equipped sensors by
way of the information obtained at process step 148 dis-
cussed above, whereby target 26 may be positioned in
a specified position relative to the sensor 30, such as
specified by OEM calibration procedures. As such, sys-
tem 20 may thus not only align the target 26 with respect
not to the XYZ axis of the vehicle, but with respect to a
sensor mounted on the vehicle.
[0051] In addition to the above, the vertical height of
target mount 124 is positioned via actuator 120 to be in
a predefined height for a given sensor 30 of vehicle 22,
such as specified by an OEM calibration procedure. This
height may be based on, for example, a vertical height
above the ground surface upon which transport vehicle
21 and vehicle 22 are positioned, including based on a
determined distance that target adjustment stand 24 is
above the ground surface via distance sensor 33. Alter-
natively, a chassis height or fender height of vehicle 22
may be determined to further aid in orientating the target
26. For example, the chassis or fender height may be
determined, such as at multiple locations about vehicle
22, such that an absolute height, pitch, and yaw of a
vehicle mounted sensor may be determined, such as a
LDW or ACC sensor. Any conventional method for de-
termining a chassis or fender height of vehicle 22 may
be used. For example, one or more leveled lasers may
be aimed at targets magnetically mounted to vehicle 22,
such as to the fenders or chassis. Alternatively, a non-
contact system may be used that does not utilize mount-
ed targets, but instead reflects projected light off of por-
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tions of the vehicle itself. Still further, rather than deter-
mining a vertical height of vehicle 22 using a chassis or
fender height measurement, a vertical height determina-
tion or reference of vehicle 22 may be made based on
or from a vehicle feature, such as an emblem on a vehicle,
such as a hood or front bumper emblem. For example,
a laser 33a (FIG. 5) may be mounted to target adjustment
stand 24 and configured to project a line onto vehicle 22
whereby target adjustment stand 24 may be jogged up
and down, such as via lift 31, to orient the line from laser
33a on an appropriate feature of vehicle 22. It should be
appreciated that laser 33a may be alternatively located
and that alternative vertical adjustment of target adjust-
ment stand 24 may be made, such as movement of ac-
tuator 120.
[0052] Finally, at step 164, the calibration of sensors
30 of vehicle 22 may be performed, such as in accord-
ance with the OEM calibration procedures. This may in-
volve, for example, operator computing device 166 com-
municating signals to one or more ECUs of vehicle 22 to
activate an OEM calibration routine, where the particular
target required for calibration of a given vehicle sensor
30 has thus been properly positioned with respect for the
sensor 30 in accordance with the calibration require-
ments.
[0053] It should be appreciated that aspects of process
146 may be altered, such as in order, and/or combined
and still enable calibration/alignment of sensors 30 in ac-
cordance with the present invention. For example steps
148 and 150, or aspects thereof, may be combined. Still
further, simultaneous operation of various steps may oc-
cur. This includes, as noted, the use of distance sensors
86 for determining a nominal distance, in which case
wheel clamps 34, 36 would be mounted to wheel assem-
blies 32, whereby at least steps 150 and 152 may be
combined.
[0054] Further with regard to steps 160 and 162, ad-
ditional procedures and processing may be performed in
situations in which it is desired or required to account for
a thrust angle of the vehicle 22 during calibration of ve-
hicle sensors. In particular, with regard to the orientation
of FIG. 1, with vehicle 22 facing forward toward target
adjustment frame 24, the rear axle thrust angle of the
non-steering rear wheels may be addressed. To do so,
in like manner as discussed above, camera 38 takes in-
itial images of the light pattern formed on the back sur-
faces 138 of panels 134 by the lasers 66 as the light
planes 70a, 70b pass through the aperture plates 82,
with the image data being transmitted to controller 42.
Subsequently, vehicle 22 is caused to move either for-
ward or backward such that the wheel assemblies 32
rotate, such as by 180 degrees or more or less. After
vehicle 22 is moved, camera 38 takes additional images
of the light pattern formed on the back surfaces 138 of
panels 134 by the lasers 66 as the light planes 70a, 70b
pass through the aperture plates 82, with the image data
also being transmitted to controller 42. The runout-com-
pensated thrust angle of vehicle 22 can be determined

and accounted for by controller 42 based on the orienta-
tion of the vertically disposed dots B1, B2 between the
first and second images for each of the cameras 38 on
either side of vehicle 22 based on the runout of the wheels
32 with respect to A1, A2.
[0055] Accordingly, after the vehicle has been moved,
a second vehicle centerline value is obtained via the hor-
izontal laser planes 70a passing through the vertical ap-
ertures 88a, 88b from each of the left and right sides of
the vehicle 22. The second alignment measurement val-
ues additionally include determining second rear toe val-
ues via the vertical laser planes 70b passing through the
horizontal apertures 90a, 90b, which values are uncom-
pensated for runout of the rear wheel assemblies. Based
on the first and second vehicle centerline values, runout-
compensated alignment values are determined. This in-
cludes rear runout-compensated rear toe and thrust an-
gles.
[0056] Upon obtaining the alignment values the vehicle
22 is rolled into or back into the original starting calibration
position such that wheel assemblies 32 rotate 180 de-
grees opposite to their original rotation, with cameras 38
again taking images of the light pattern. Controller 42 is
thereby able to confirm that dots B1, B2 have returned
to the same position on panels 134 as in the original
images. Alternatively, vehicle 22 may be located in an
initial position and then rolled into a calibration position,
such as to have 180 degrees of rotation of the wheel
assemblies 32, with the vehicle 22 thrust angle compen-
sation determination being made based on images being
taken in the initial and calibration positions. Upon deter-
mination of the thrust angle, the determined thrust angle
may be used by controller 42 to compensate the specific
position at which target 26 is positioned via controller 42
activating one or more of the actuators of target adjust-
ment frame 24. For example, the yaw of tower assembly
109 may be adjusted to compensate for the rear thrust
angle. With the vehicle 22 properly aligned with the target
frame 80, and the rear thrust angle thus determined, cal-
ibration and alignment procedures may be carried out.
Vehicle 22 may be rolled forward and backward, or vice
versa, by an operator pushing the vehicle.
[0057] Alignment and calibration system 20 may be
configured to operate independently of external data, in-
formation or signals, in which case the computer system
of the embodiment comprises the controller 42 that may
be programmed for operation with various makes, mod-
els and equipped sensors, as well as may include the
operator computer device 166. In such a standalone con-
figuration, as illustrated in FIG. 11, operator computer
device 166 may interface with vehicle 22, such as via
one or more ECUs 168 of vehicle 22 that may be inter-
faced via an on-board diagnostic (OBD) port of vehicle
22, as well as with controller 42 to provide step-by-step
instructions to an operator. Alternatively, operator com-
puter device 166 may receive information input by an
operator regarding vehicle 22, such as make, model, ve-
hicle identification number (VIN) and/or information re-
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garding the equipped sensors, with device 166 commu-
nicating such information to controller 42.
[0058] Alternative to such a standalone configuration,
FIG. 11 also discloses an exemplary embodiment of a
remote interface configuration for system 20 where sys-
tem 20 is configured to interface with a remote computing
device or system 170, such as a server, and one or more
remote databases 172, such as may be accessed via an
Internet 174, whereby the computer system thus further
comprise the remote computing device 170. For exam-
ple, remote computing device 170 incorporating a data-
base 172 accessed via the Internet, may be used to run
a calibration sequence through one or more engine con-
trol units ("ECUs") of the vehicle 22 to calibrate one or
more ADAS sensors pursuant to pre-established pro-
grams and methodologies, such as based on original fac-
tory-employed calibration sequences or based on alter-
native calibration sequences. In such a configuration,
controller 42 need not contain programs related to setup
parameters for particular makes, models and equipped
sensors, nor is controller 42 required to perform data
analysis from distance sensors 86 or cameras 38. Rath-
er, an operator may connect operator computer device
166 to an ECU 168 of vehicle 22, with computer device
166 then transmitting acquired vehicle specific informa-
tion to computing system 170, or alternatively an operator
may enter information directly into operator computer de-
vice 166 without connecting to vehicle 22 for transmitting
to computing system 170. Such information may be, for
example, make, model, vehicle identification number
(VIN) and/or information regarding the equipped sen-
sors. Computing system 170 may then provide the nec-
essary instructions to the operator based on specific pro-
cedures required to calibrate sensors as set forth in da-
tabases 172 and specific processing performed by com-
puting system 170, with control signals then transmitted
to controller 42. For example, computing system 170 may
provide instructions to operator regarding the nominal
position at which to locate vehicle 22 from target adjust-
ment frame 24 and regarding installation of the wheel
clamps 34, 36.
[0059] Computing system 170 may further send con-
trol signals to perform the alignment procedure. For ex-
ample, computing system 170 may send control signals
to controller 42 to activate actuator 120 to position the
target mount 124 at the desired vertical height for the
particular sensor 30 that is to be calibrated. Computing
system 170 may also send control signals to controller
42, with controller 42 selectively wirelessly activating dis-
tance sensors 86, with the information obtained from dis-
tance sensors 86 in turn transmitted back to computing
system 170. Computing system 170 may then process
the distance information and send further control signals
to controller 42 for activating the actuators 104 and 112
for the yaw and longitudinal alignment, in like manner as
discussed above. Upon confirmation of that alignment
step, computing system 170 may then transmit control
signals to controller 42 for activating lasers 66, with con-

troller 42 in turn transmitting image data signals to com-
puting system 170 based on images of the light patterns
formed on panels 134 detected by cameras 38. Comput-
ing system 170 in turn processes the image data signals
to determine a lateral alignment, and sends control sig-
nals to controller 42 for activating actuator 126 to achieve
the predefined lateral positioning of the target held by
target mount 124.
[0060] Databases 172 may thus contain information
for performing calibration processes, including, for ex-
ample, information regarding the specific target to be
used for a given vehicle and sensor, the location at which
the target is to be positioned relative to such a sensor
and vehicle, and for performing or activating the sensor
calibration routine. Such information may be in accord-
ance with OEM processes and procedures or alternative
processes and procedures.
[0061] In either embodiment various levels of autono-
mous operation by system 20 may be utilized, such as
with regard to automatically activating distance sensors
86 and/or light projectors 66 as compared to system 20
providing prompts to an operator, such as by way of op-
erator computing device 166, to selectively turn distance
sensors 86 and/or light projectors 66 on and off. This
applies to other steps and procedures as well.
[0062] Referring now to FIGS. 12-14, system 20 may
additionally include an adjustable ground target assem-
bly 180 integrated with target adjustment frame 24.
Ground target assembly 180 includes a mat 28 that is
adjustably positionable about vehicle 22, where mat 28
may include various targets 184 disposed directly on mat
28, such as may be used for calibration of sensors con-
figured as exterior mounted cameras on vehicle 22 that
are disposed about vehicle 22, such as cameras used
for a conventional surround view system mounted in the
bumpers and side view mirrors. In the illustrated embod-
iment, mat 28 of ground target assembly 180 additionally
includes mounting locations or indicators 186 for locating
targets that may be disposed on mat 28, such as targets
188 that are configured as trihedrals mounted on posts
for calibration of rear radar sensors on vehicle 22.
[0063] In the illustrated embodiment, ground target as-
sembly 180 includes a pair of arms 190 that are securable
to the imager housing support 110, with arms 190 ex-
tending outwards toward vehicle 22 and being connected
to and supporting a lateral rail 192. A moveable rail 194
is disposed in sliding engagement with rail 192, with rail
194 including a bracket 196 for selective connection with
target mount 124 when target mount 124 is in a lowered
orientation, as shown in FIG. 13. Mat 28 in turn is con-
nected to rail 194, such as via fasteners or pegs. In the
illustrated embodiment mat 28 is constructed of a flexible
material such that it may be rolled up when not in use,
and surrounds vehicle 22 and has an opening 198 where-
in vehicle 22 is supported on the ground at opening 198.
Mat 28 may be constructed as a single integrated piece,
or may be constructed as separate segments that are
secured together.
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[0064] Accordingly, the above discussed process for
aligning target mount 24 may be used to position mat 28
about vehicle 22 for calibration of sensors disposed on
vehicle 22, including based on known dimensions of mat
28 and locations of targets 180 on mat 28. For example,
vehicle 22 is initially nominally positioned relative to tar-
get frame 24 and wheel clamps 34, 36 are attached to
vehicle 22, with process 146 being employed to position
arms 190 and rail 194 as required for calibration of a
given sensor on a vehicle 22, including via longitudinal
and rotational movement of support 110 by actuators 104
and 112, and laterally with respect to the longitudinal ori-
entation of vehicle 22 by way of actuator 126 that moves
target mount 124 along rail 122, where movement of tar-
get mount 124 will in turn cause rail 194 to slide along
rail 192. Mat 28 may then be secured to rail 194 and
rolled out around vehicle 22. Alternatively, mat 28 may
be moved by being dragged along the ground into a de-
sired orientation. Upon mat 28 being positioned into a
desired orientation, mat 28 may also be checked, such
as by an operator, to be sure its sides disposed on either
side of vehicle 22 are parallel to each other. For example,
as understood from FIG. 13, lasers 187 may be mounted
to rail 192 and/or rail 194, with lasers 187 being square
thereto. Lasers 187 may be configured for alignment with
a straight edge of mat 28 whereby an operator may ac-
tivate lasers 187 to check and adjust as necessary that
mat 28 is properly square relative to target adjustment
frame 24.
[0065] As noted, mat 28 may also include locators 186
for positioning of targets, such as targets 188. Locators
186 may comprise receptacles in the form of cutouts in
mat 28 or printed markings on mat 28 for indicating the
correct positional location for placement of targets 188.
Still further, locators 186 may comprise embedded re-
ceptacles in the form of fixtures, such as pegs, or
grooves, or the like, to which targets 188 may connect.
Still further, instead of mat 28, or in addition to mat 28, a
target assembly may be equipped with rigid arms 189
(FIG. 14), with the arms 189 extending between a move-
able rail, such as rail 194, and a target, such as target
188. As such, the alignment and calibration system 20
may be used to position alternative targets about vehicle
22.
[0066] An alternative ground target assembly as com-
pared to assembly 180 may be employed within the
scope of the invention. For example, a sliding rail such
as sliding rail 194 may be provided with telescoping ends
to increase its length, such as to accommodate differently
sized mats. Still further, a sliding rail may be configured
for lateral movement in an alternative manner than by
way of connection to target mount 124 and actuator 126.
For example, an actuator may alternatively be mounted
to arms 190 extending from support 110.
[0067] FIGS. 12-14 additionally illustrate that system
20 may be used in connection with calibration of non-
forward facing sensors, whereby a vehicle such as vehi-
cle 22 may be oriented rearwardly relative to target ad-

justment frame 24. In such an orientation projector wheel
clamps 34a, 34b are mounted to the front wheel assem-
blies 32 of vehicle 22, and aperture plate wheel clamps
36a, 36b are mounted to the rear wheels, with the light
projectors 66 oriented to project toward imager housings
40a, 40b on target adjustment frame 24. This orientation
may be used for the calibration of ADAS sensors config-
ured as rear cameras, rear radar, and the like.
[0068] It should further be appreciated that system 20
may include variations in the construction and operation
within the scope of the present invention. For example,
with reference to FIG. 15, an alternative target positioning
system 24’ may be employed in which housings 40a’,
40b’ are pivotally mounted on target adjustment stand
24’. Housings 40a’, 40b’ may thus be pivoted upwards
into a transport position when not in use and stored within
transport vehicle 21, and pivoted downwards when in
use. Still further, base frame 96’ may be made smaller,
with target positioning system 24’ otherwise sharing com-
mon construction, features and operations with target ad-
justment stand 24. Target adjustment stand 24’ may thus
be installable within bay 25 of transport vehicle 21 without
needing to be rotated relative to its orientation in use and
the longitudinal axes of vehicle 21.
[0069] Moreover, as noted above, the target position-
ing system may be alternatively arranged within a trans-
port vehicle. As shown in FIG. 16, for example, a slidable
adjustment frame mechanism 210 is provided to which
is mounted target positioning system 224, where target
positioning system 224 may be constructed in accord-
ance with target positioning system 24 or 24’ discussed
above. Still further, alternative transport vehicles may be
used, such as for example transport vehicle 221 shown
in FIG. 17, which is configured as a flatbed truck. In such
a configuration, vehicle 22 is pulled onto the pivoting bed
223 of transport vehicle 221. Bed 223 provides a level
surface, however, depending on the vehicle 22 and sen-
sor arrangement, greater distance between target posi-
tioning system 224 and vehicle 22 may be required. It
should further be appreciated that, with reference to FIG.
18, target positioning system 224 may additionally be
configured to accommodate for uneven ground surface
upon which the transport vehicle 21 and vehicle 22 are
disposed, such as providing for further adjustment in the
attitude of target positioning system 224 relative to vehi-
cle 22. For example, further adjustment in the roll and/or
pitch of target positioning system 224 relative to vehicle
22 may be provided. This may be accomplished, for ex-
ample, via the actuator of lift 31, the securement of a
target positioning system 224 to the adjustment frame
mechanism 210, or by additional actuators provided on
target positioning system 224.
[0070] Still further, target mount 124 or an alternatively
constructed target mount may simultaneously hold more
than one target, in addition to being able to hold different
targets at separate times. Still further, target mount 124
may hold a target configured as a digital display or mon-
itor, such as an LED monitor, whereby such a digital mon-
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itor may receive signals to display different target pat-
terns as required for specific sensor calibration process-
es. Moreover, target adjustment frame may optionally or
alternatively include a passive ACC radar alignment sys-
tem configured for aligning the ACC radar of a vehicle.
This may comprise, for example, a modified headlight
alignment box having a Fresnel lens mounted to the tar-
get stand or frame, with the alignment box configured to
project light onto a reflective element of an ACC sensor
of the vehicle, with the projected light being reflected back
to the alignment box. Alternatively configured wheel
clamp devices may be used relative to wheel clamps 34
and 36. For example, projection assembly 60 and aper-
ture assembly 76 may be incorporated into a known con-
ventional wheel clamp, or other wheel clamp specifically
constructed to mount in a known orientation to a wheel
assembly.
[0071] Further changes and modifications in the spe-
cifically described embodiments can be carried out with-
out departing from the principles of the present invention
which is intended to be limited only by the scope of the
appended claims, as interpreted according to the princi-
ples of patent law.

Claims

1. A mobile system for aligning a target (26) to an
equipped vehicle for calibration of a sensor on the
equipped vehicle, said system comprising:

a transport vehicle (21, 221) and a target adjust-
ment stand (24, 224) carried by said transport
vehicle (21, 221), wherein said transport vehicle
(21, 221) is motorized and configured to be driv-
en to transport said target adjustment stand (24,
224) to an equipped vehicle (22) at a remote
location for calibration of a sensor (30) on the
equipped vehicle (22);
said target adjustment stand (24, 224) including
a base (96) and a target mount (124) moveably
mounted on said target adjustment stand (24,
224) with said target mount (124) configured to
support a target (26), said target adjustment
stand (24, 224) further including a plurality of
actuators (31, 104, 112, 120, 126) configured to
selectively move said target mount (124) relative
to said base (96);
a computer system (42, 170), said computer
system (42, 170) configured to selectively actu-
ate said actuators (31, 104, 112, 120, 126) to
position said target (26) relative to the equipped
vehicle (22) when the equipped vehicle (22) is
positioned in front of said target adjustment
stand (24, 224), with said target mount (124) be-
ing moveable by said actuators (31, 104, 112,
120, 126) longitudinally and laterally with re-
spect to a longitudinal axis of the equipped ve-

hicle (22) when positioned in front of said target
adjustment stand (24, 224), and vertically, and
rotationally about a vertical axis;
wherein said computer system (42, 170) is con-
figured to determine the orientation of the
equipped vehicle (22) relative to said target ad-
justment stand (24, 224) and to actuate said ac-
tuators (31, 104, 112, 120, 126) responsive to
the determination of the orientation of the
equipped vehicle (22) relative to said target ad-
justment stand (24, 224) to position said target
(26) relative to a sensor (30) of the equipped
vehicle (22) whereby the sensor (30) is able to
be calibrated using the target (26),
the system further comprising:

two rearward wheel clamps (34a, 34b) and
two forward wheel clamps (36a, 36b),
wherein said rearward wheel clamps (34a,
34b) each include a light projector (66) and
are configured for mounting to the opposed
wheel assemblies (32) of the equipped ve-
hicle (22) furthest from said target adjust-
ment stand (24, 224), and wherein said for-
ward wheel clamps (36a, 36b) each include
an aperture plate (82) and are configured
for mounting to the opposed wheel assem-
blies (32) of the equipped vehicle (22) clos-
est to said target adjustment stand (24,
224);
wherein said light projectors (66) are con-
figured to selectively project light at respec-
tive ones of said aperture plates (82), with
each said aperture plate (82) including at
least one aperture (88a, 88b, 90a, 90b)
through which the projected light is directed
at said target adjustment stand (24, 224);
wherein said target adjustment stand (24,
224) further comprises a pair of imagers
(38) with each said imager (38) operable to
image projected light passing through re-
spective ones of said aperture plates (82);
and
wherein said computing system (42, 170) is
operable to determine the orientation of the
equipped vehicle (22) relative to said target
adjustment stand (24, 224) based on said
images of projected light obtained by said
imagers (38).

2. The system of claim 1, further including a pair of
spaced apart imager panels (134), wherein project-
ed light passing through said aperture plates (82) is
projected onto respective ones of said imager panels
(134) to form a light pattern (73) on each said imager
panel (134), and wherein said imagers (38) are con-
figured to image said light patterns (73).
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3. The system of claim 2, wherein said imager panels
(134) are translucent, and wherein projected light
passing through said aperture plates (82) is directed
onto a front surface (136) of said imager panels (134)
with said imagers (38) configured to image said light
pattern (73) from a back surface (138) of said imager
panels (134).

4. The system of claim 3, further including a pair of im-
ager housings (40a, 40b), wherein each said imager
housing (40a, 40b) includes one of said imager pan-
els (134) and wherein one of each said imagers (38)
is mounted within a respective one of said imager
housings (40a, 40b).

5. The system of any one of claims 1 to 4, wherein a
pair of opposed wheel clamps selected from said
forward wheel clamps (36a, 36b) and said rearward
wheel clamps (34a, 34b) each further include a dis-
tance sensor (86) configured to obtain distance in-
formation of said opposed wheel clamps relative to
spaced apart portions of said target adjustment
stand (24, 224), and wherein said computer system
(42, 170) is operable to determine the orientation of
the equipped vehicle (22) relative to said target ad-
justment stand (24, 224) based at least in part on
the distance information from each said distance
sensor (86).

6. The system of claim 1, wherein said target adjust-
ment stand (24, 224) is moveably mounted to said
transport vehicle (21, 221) and is moveable between
a deployed position and a transport position, and
wherein said target adjustment stand (24, 224) is
positioned adjacent the equipped vehicle (22) in said
deployed position and is stowed for transport in said
transport position.

7. The system of claim 1, wherein said computer sys-
tem comprises a controller (42) disposed at or adja-
cent said target adjustment stand (24, 224), and
wherein said controller (42) is configured to selec-
tively actuate said actuators.

8. The system of claim 7, wherein said computer sys-
tem further comprises a remote computing device
(170), wherein said remote computing device is con-
figured to determine the orientation of the equipped
vehicle (22) relative to said target adjustment stand
(24, 224) and transmit control signals to said con-
troller (42) for selectively actuating said actuators.

9. The system of claim 1, wherein said target adjust-
ment stand (24, 224) includes a base member (102)
movably mounted to said base (96) and a tower (114)
joined to said base member (102) with said target
mount (124) supported by said tower (114), and
wherein said actuators comprise a base member ac-

tuator (104) configured to selectively move said base
member (102) relative to said base (96) and a tower
actuator (112) configured to selectively move said
tower (114) relative to said base member (102),
wherein said computer system (42, 170) is config-
ured to actuate said base member actuator (104)
and said tower actuator (112) responsive to the de-
termination of the orientation of the equipped vehicle
922) relative to said target adjustment stand (24,
224).

10. The system of claim 9, wherein said base member
(102) is moveable longitudinally by said base mem-
ber actuator (104) relative to the longitudinal axis of
the equipped vehicle (22) positioned in front of said
target adjustment stand (24, 224), and wherein said
tower (114) is rotatable about a vertical axis by said
tower actuator (112).

11. The system of claim 10, further including a target
mount rail (122) disposed on said tower (114) and
wherein said actuators further comprise a first target
mount actuator (126) and a second target mount ac-
tuator (120), wherein said first target mount actuator
(126) is operable to move said target mount (124)
laterally along said target mount rail (122) and said
second target mount actuator (120) is operable to
adjust the vertical orientation of said target mount
(124).

12. A method of calibrating a sensor of an equipped ve-
hicle by aligning a target with the sensor of the
equipped vehicle using the system of any of claims
1 to 11, said method comprising:

transporting a target adjustment stand (24, 224)
to the equipped vehicle (22) using a transport
vehicle (21, 221) by driving the transport vehicle
(21, 221) to the location of the equipped vehicle;
longitudinally arranging the transport vehicle
(21, 221) with the equipped vehicle (22);
nominally positioning the equipped vehicle (22)
in front of the target adjustment stand (24, 224),
wherein the target adjustment stand (24, 224)
includes a base (96) and a target mount (124)
configured to support a target (26), and wherein
the target adjustment stand (24, 224) includes
actuators (31, 104, 112, 120, 126) for adjusting
the position of the target mount (124);
determining an orientation of the equipped ve-
hicle (22) relative to the target adjustment stand
(31, 104, 112, 120, 126) using a computer sys-
tem (42, 170);
positioning the target mount (124) based on the
determined orientation of the equipped vehicle
(22) relative to a sensor (30) of the equipped
vehicle (22) by actuating the actuators (31, 104,
112, 120, 126) with the computer system (42,
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170); and
performing a calibration routine whereby the
sensor (30) is calibrated using the target (26).

13. The method of claim 12, wherein the target adjust-
ment stand (24, 224) is moveably mounted to the
transport vehicle (21, 221) and is moveable between
a deployed position and a transport position, and
wherein said method further comprises deploying
the target adjustment stand (24, 224) from the trans-
port position to the deployed position after said trans-
porting the target adjustment stand (24, 224) to the
equipped vehicle (22) using the transport vehicle (21,
221).

14. The method of claim 12, wherein said determining
an orientation of the equipped vehicle (22) relative
to the target adjustment stand (24, 224) comprises;

projecting lights from light projectors (66) on
rearward wheel clamps (34a, 34b) through ap-
ertures (88a, 88b, 90a, 90b) on aperture plates
(82) of forward wheel clamps (36a, 36b), where-
in the rearward wheel clamps (34a, 34b) are
mounted to the opposed wheel assemblies (32)
of the equipped vehicle (22) furthest from the
target adjustment stand (24, 124) and the for-
ward wheel clamps (36a, 36b) are mounted to
the opposed wheel assemblies (32) of the
equipped vehicle (32) closest to the target ad-
justment stand (24, 124);
imaging light projected through the apertures
(88a, 88b, 90a, 90b) by the light projectors (66)
with imagers (38) disposed at the target adjust-
ment stand (24, 124); and
determining the orientation of the equipped ve-
hicle (22) relative to the target adjustment stand
(24, 124) based on the images of projected light
obtained by the imagers (38).

Patentansprüche

1. Mobiles System zum Ausrichten eines Ziels (26) auf
ein ausgerüstetes Fahrzeug zur Kalibrierung eines
Sensors auf dem ausgerüsteten Fahrzeug, wobei
das System Folgendes umfasst:

ein Transportfahrzeug (21, 221) und einen Zie-
leinstellstand (24, 224), der von dem Transport-
fahrzeug (21, 221) getragen wird, wobei das
Transportfahrzeug (21, 221) motorisiert und so
konfiguriert ist, dass es angetrieben wird, um
den Zieleinstellstand (24, 224) zu einem ausge-
rüsteten Fahrzeug (22) an einem entfernten Ort
zur Kalibrierung eines Sensors (30) an dem aus-
gerüsteten Fahrzeug (22) zu transportieren;
wobei der Zieleinstellstand (24, 224) eine Basis

(96) und eine Zielhalterung (124) umfasst, die
beweglich an dem Zieleinstellstand (24, 224)
angebracht ist, wobei die Zielhalterung (124) so
konfiguriert ist, dass sie ein Ziel (26) trägt, wobei
der Zieleinstellstand (24, 224) ferner eine Viel-
zahl von Aktoren (31, 104, 112, 120, 126) um-
fasst, die so konfiguriert sind, dass sie die Ziel-
halterung (124) selektiv relativ zu der Basis (96)
bewegen;
ein Computersystem (42, 170), wobei das Com-
putersystem (42, 170) so konfiguriert ist, dass
es selektiv die Aktuatoren (31, 104, 112, 120,
126) betätigt, um das Ziel (26) relativ zu dem
ausgerüsteten Fahrzeug (22) zu positionieren,
wenn das ausgerüstete Fahrzeug (22) vor dem
Zieleinstellstand (24, 224) positioniert ist, wobei
die Zielhalterung (124) durch die Aktuatoren
(31, 104, 112, 120, 126) in Längsrichtung und
seitlich in Bezug auf eine Längsachse des aus-
gerüsteten Fahrzeugs (22) bewegbar ist, wenn
es vor dem Zieleinstellstand (24, 224) positio-
niert ist, und in vertikaler Richtung und in Dre-
hung um eine vertikale Achse;
wobei das Computersystem (42, 170) so konfi-
guriert ist, dass es die Ausrichtung des ausge-
rüsteten Fahrzeugs (22) in Bezug auf den Ziel-
einstellstand (24, 224) bestimmt und die Aktoren
(31, 104, 112, 120, 126) in Reaktion auf die Be-
stimmung der Ausrichtung des ausgerüsteten
Fahrzeugs (22) in Bezug auf den Zieleinstell-
stand (24, 224) betätigt, um das Ziel (26) in Be-
zug auf einen Sensor (30) des ausgerüsteten
Fahrzeugs (22) zu positionieren, wodurch der
Sensor (30) unter Verwendung des Ziels (26)
kalibriert werden kann,
das System umfasst außerdem:

zwei hintere Radklammern (34a, 34b) und
zwei vordere Radklammern (36a, 36b), wo-
bei die hinteren Radklammern (34a, 34b)
jeweils einen Lichtprojektor (66) aufweisen
und so konfiguriert sind, dass sie an den
gegenüberliegenden Radanordnungen
(32) des ausgerüsteten Fahrzeugs (22), die
am weitesten von dem Zieleinstellstand (24,
224) entfernt sind, und wobei die vorderen
Radklammern (36a, 36b) jeweils eine Blen-
denplatte (82) aufweisen und zur Montage
an den gegenüberliegenden Radbaugrup-
pen (32) des ausgerüsteten Fahrzeugs
(22), die dem Zieleinstellstand (24, 224) am
nächsten sind, konfiguriert sind;
wobei die Lichtprojektoren (66) so konfigu-
riert sind, dass sie selektiv Licht auf entspre-
chende der Blendenplatten (82) projizieren,
wobei jede der Blendenplatten (82) mindes-
tens eine Öffnung (88a, 88b, 90a, 90b) ent-
hält, durch die das projizierte Licht auf den
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Zieleinstellstand (24, 224) gerichtet wird;
wobei der Zieleinstellständer (24, 224) fer-
ner ein Paar von Bildwandlern (38) umfasst,
wobei jeder der Bildwandler (38) betreibbar
ist, um projiziertes Licht abzubilden, das
durch entsprechende der Blendenplatten
(82) hindurchgeht; und
wobei das Computersystem (42, 170) in der
Lage ist, die Ausrichtung des ausgerüsteten
Fahrzeugs (22) relativ zu dem Zieleinstell-
stand (24, 224) auf der Grundlage der von
den Bildwandlern (38) erhaltenen Bilder des
projizierten Lichts zu bestimmen.

2. System nach Anspruch 1, das ferner ein Paar von-
einander beabstandeter Bildwandlerplatten (134)
umfasst, wobei projiziertes Licht, das durch die Blen-
denplatten (82) hindurchtritt, auf jeweilige Bildwand-
lerplatten (134) projiziert wird, um ein Lichtmuster
(73) auf jeder Bildwandlerplatte (134) zu bilden, und
wobei die Bildwandler (38) so konfiguriert sind, dass
sie die Lichtmuster (73) abbilden.

3. System nach Anspruch 2, wobei die Bildwandlerplat-
ten (134) lichtdurchlässig sind und wobei projiziertes
Licht, das durch die Blendenplatten (82) hindurch-
tritt, auf eine vordere Oberfläche (136) der Bildwand-
lerplatten (134) gerichtet wird, wobei die Bildwandler
(38) so konfiguriert sind, dass sie das Lichtmuster
(73) von einer hinteren Oberfläche (138) der Bild-
wandlerplatten (134) abbilden.

4. System nach Anspruch 3, das ferner ein Paar von
Bildwandlergehäusen (40a, 40b) umfasst, wobei je-
des der Bildwandlergehäuse (40a, 40b) eine der
Bildwandlerplatten (134) enthält und wobei einer der
Bildwandler (38) in einem entsprechenden der Bild-
wandlergehäuse (40a, 40b) angebracht ist.

5. System nach einem der Ansprüche 1 bis 4, wobei
ein Paar gegenüberliegender Radklammern, die aus
den vorderen Radklammern (36a, 36b) und den hin-
teren Radklammern (34a, 34b) ausgewählt sind, je-
weils ferner einen Abstandssensor (86) umfassen,
der so konfiguriert ist, dass er Abstandsinformatio-
nen der gegenüberliegenden Radklammern relativ
zu beabstandeten Abschnitten des Zieleinstell-
stands (24, 224) zu erhalten, und wobei das Com-
putersystem (42, 170) betreibbar ist, um die Ausrich-
tung des ausgerüsteten Fahrzeugs (22) relativ zu
dem Zieleinstellstand (24, 224) zumindest teilweise
auf der Grundlage der Abstandsinformationen von
jedem der Abstandssensoren (86) zu bestimmen.

6. System nach Anspruch 1, wobei der Zieleinstell-
stand (24, 224) beweglich an dem Transportfahr-
zeug (21, 221) angebracht ist und zwischen einer
ausgefahrenen Position und einer Transportposition

beweglich ist, und wobei der Zieleinstellstand (24,
224) in der ausgefahrenen Position neben dem aus-
gerüsteten Fahrzeug (22) positioniert ist und in der
Transportposition für den Transport verstaut ist.

7. System nach Anspruch 1, wobei das Computersys-
tem eine Steuereinheit (42) umfasst, die an oder ne-
ben dem Zieleinstellstand (24, 224) angeordnet ist,
und wobei die Steuereinheit (42) so konfiguriert ist,
dass sie die Stellglieder selektiv betätigt.

8. System nach Anspruch 7, wobei das Computersys-
tem ferner eine entfernte Rechenvorrichtung (170)
umfasst, wobei die entfernte Rechenvorrichtung so
konfiguriert ist, dass sie die Ausrichtung des ausge-
rüsteten Fahrzeugs (22) in Bezug auf den Zielein-
stellstand (24, 224) bestimmt und Steuersignale an
die Steuereinheit (42) zur selektiven Betätigung der
Aktoren übermittelt.

9. System nach Anspruch 1, wobei der Zieleinstell-
stand (24, 224) ein Basiselement (102), das beweg-
lich an der Basis (96) angebracht ist, und einen Turm
(114) umfasst, der mit dem Basiselement (102) ver-
bunden ist, wobei die Zielhalterung (124) von dem
Turm (114) getragen wird, und wobei die Aktoren ein
Basiselement-Aktor (104), das so konfiguriert ist,
dass es das Basiselement (102) relativ zu der Basis
(96) selektiv bewegt, und ein Turm-Aktor (112) um-
fassen, das so konfiguriert ist, dass es den Turm
(114) relativ zu dem Basiselement (102) selektiv be-
wegt, wobei das Computersystem (42, 170) so kon-
figuriert ist, dass es den Basiselement-Aktor (104)
und den Turm-Aktor (112) in Reaktion auf die Be-
stimmung der Ausrichtung des ausgerüsteten Fahr-
zeugs (922) relativ zu dem Zieleinstellstand (24, 224)
betätigt.

10. System nach Anspruch 9, wobei das Basiselement
(102) durch den Basiselement-Aktor (104) in Längs-
richtung relativ zur Längsachse des ausgerüsteten
Fahrzeugs (22), das vor dem Zieleinstellstand (24,
224) positioniert ist, bewegbar ist, und wobei der
Turm (114) durch das Turmstellglied (112) um eine
vertikale Achse drehbar ist.

11. System nach Anspruch 10, das ferner eine Zielmon-
tageschiene (122) umfasst, die an dem Turm (114)
angeordnet ist, und wobei die Aktoren ferner einen
ersten Zielmontage-Aktor (126) und einen zweiten
Zielmontage-Aktor (120) umfassen, wobei der erste
Zielmontage-Aktor (126) betätigbar ist, um die Ziel-
montage (124) seitlich entlang der Zielmontage-
schiene (122) zu bewegen, und der zweite Zielmon-
tage-Aktor (120) betätigbar ist, um die vertikale Aus-
richtung der Zielmontage (124) einzustellen.

12. Verfahren zum Kalibrieren eines Sensors eines aus-
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gerüsteten Fahrzeugs durch Ausrichten eines Ziels
mit dem Sensor des ausgerüsteten Fahrzeugs unter
Verwendung des Systems nach einem der Ansprü-
che 1 bis 11, wobei das Verfahren umfasst:

Transportieren eines Zieleinstellstands (24,
224) zu dem ausgerüsteten Fahrzeug (22) unter
Verwendung eines Transportfahrzeugs (21,
221) durch Fahren des Transportfahrzeugs (21,
221) zu dem Ort des ausgerüsteten Fahrzeugs;
das Transportfahrzeug (21, 221) mit dem aus-
gestatteten Fahrzeug (22) in Längsrichtung an-
zuordnen;
nominelles Positionieren des ausgerüsteten
Fahrzeugs (22) vor dem Zieleinstellstand (24,
224), wobei der Zieleinstellstand (24, 224) eine
Basis (96) und eine Zielhalterung (124) umfasst,
die so konfiguriert ist, dass sie ein Ziel (26) trägt,
und wobei der Zieleinstellstand (24, 224) Akto-
ren (31, 104, 112, 120, 126) zum Einstellen der
Position der Zielhalterung (124) umfasst;
Bestimmen einer Orientierung des ausgerüste-
ten Fahrzeugs (22) relativ zu dem Zieleinstell-
stand (31, 104, 112, 120, 126) unter Verwen-
dung eines Computersystems (42, 170);
Positionieren der Zielhalterung (124) auf der
Grundlage der ermittelten Ausrichtung des aus-
gerüsteten Fahrzeugs (22) relativ zu einem Sen-
sor (30) des ausgerüsteten Fahrzeugs (22)
durch Betätigen der Aktoren (31, 104, 112, 120,
126) mit dem Computersystem (42, 170); und
Durchführung einer Kalibrierungsroutine, bei
der der Sensor (30) unter Verwendung des Ziels
(26) kalibriert wird.

13. Verfahren nach Anspruch 12, wobei der Zieleinstell-
stand (24, 224) beweglich an dem Transportfahr-
zeug (21, 221) angebracht ist und zwischen einer
ausgefahrenen Position und einer Transportposition
beweglich ist, und wobei das Verfahren ferner das
Ausfahren des Zieleinstellstands (24, 224) von der
Transportposition in die ausgefahrene Position nach
dem Transport des Zieleinstellstands (24, 224) zu
dem ausgerüsteten Fahrzeug (22) unter Verwen-
dung des Transportfahrzeugs (21, 221) umfasst.

14. Verfahren nach Anspruch 12, wobei das Bestimmen
einer Orientierung des ausgerüsteten Fahrzeugs
(22) relativ zu dem Zieleinstellstand (24, 224) um-
fasst;

Projizieren von Lichtern von Lichtprojektoren
(66) an hinteren Radklammern (34a, 34b) durch
Öffnungen (88a, 88b, 90a, 90b) an Blendenplat-
ten (82) von vorderen Radklammern (36a, 36b),
wobei die hinteren Radklammern (34a, 34b) an
den gegenüberliegenden Radbaugruppen (32)
des ausgerüsteten Fahrzeugs (22) angebracht

sind, die am weitesten von dem Zieleinstellstand
(24, 124) entfernt sind, und die vorderen Rad-
klammern (36a, 36b) an den gegenüberliegen-
den Radbaugruppen (32) des ausgerüsteten
Fahrzeugs (32) angebracht sind, die dem Ziel-
einstellstand (24, 124) am nächsten sind;
Abbilden von Licht, das von den Lichtprojekto-
ren (66) durch die Öffnungen (88a, 88b, 90a,
90b) projiziert wird, mit Bildwandlern (38), die
an dem Zieleinstellstand (24, 124) angeordnet
sind; und
Bestimmung der Ausrichtung des ausgerüste-
ten Fahrzeugs (22) in Bezug auf den Zielein-
stellstand (24, 124) auf der Grundlage der von
den Bildwandlern (38) erhaltenen Bilder des
projizierten Lichts.

Revendications

1. Système mobile pour aligner une cible (26) sur un
véhicule équipé pour le calibrage d’un capteur du
véhicule équipé, le système comprenant:

un véhicule de transport (21, 221) et un support
de réglage de cible (24, 224) porté par ce véhi-
cule de transport (21, 221), ce véhicule de trans-
port (21, 221) étant motorisé et configuré pour
être entrainé pour transporter le support de ré-
glage de cible (24, 224) d’un véhicule équipé
(22) à un endroit éloigné pour calibrer un capteur
(30) du véhicule équipé (22);
le support de réglage de cible (24, 224) ayant
une base (96) et un montage de cible (124) ins-
tallé de manière mobile sur le support de réglage
de cible (24, 224) avec ce montage de cible
(124) configuré pour supporter une cible (26),
ce support de réglage de cible (24, 224) com-
prenant en outre des actionneurs ((31, 104, 112,
120, 126) pour déplacer sélectivement le mon-
tage de cible (124) par rapport à la base (96);
un système d’ordinateur (42, 170), ce système
d’ordinateur (42, 170) activant sélectivement les
actionneurs (31, 104, 112, 120, 126) pour posi-
tionner la cible (26) par rapport au véhicule équi-
pé (22) lorsque le véhicule équipé (22) est placé
face au support de réglage de cible (24, 224),
le montage de cible (124) étant déplacé par les
actionneurs (31, 104, 112, 120, 126) longitudi-
nalement et latéralement par rapport à un axe
longitudinal du véhicule équipé (22) lorsqu’il est
positionné face au support de réglage de cible
(24, 224) et verticalement et en rotation autour
d’un axe vertical;
le système d’ordinateur (42, 170) déterminant
l’orientation du véhicule équipé (22) par rapport
au support de réglage de cible (24, 224) et pour
activer les actionneurs (31, 104, 112, 120, 126)
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en réponse à la détermination de l’orientation
du véhicule équipé (22) par rapport au support
de réglage de cible (24, 224) pour positionner
la cible (26) par rapport à un capteur (30) du
véhicule équipé (22), le capteur (30) pouvant
être calibré avec la cible (26);
le système comprenant en outre:

deux pinces de roues arrière (34a, 34b) et
deux pinces de roues avant (36a, 36b), les
pinces de roues arrière (34a, 34b) ayant
chacune un projecteur (66) et étant confi-
gurées pour le montage sur les ensembles
de roues opposés (32) du véhicule équipé
(22), les plus éloignés du support de réglage
de cible (24, 224) et les pinces de roues
avant (36a, 36b) ayant chacune une plaque
à ouverture (82) et étant configurées pour
le montage sur des ensembles de roues op-
posés (32) du véhicule équipé (22) les plus
près du support de réglage de cible (24,
224);
les projecteurs (66) étant configurés pour
projeter sélectivement de la lumière respec-
tivement sur l’une des plaques à ouverture
(82), chaque plaque à ouverture (82) ayant
au moins une ouverture (88a, 88b, 90a,
90b) à travers laquelle la lumière projetée
est dirigée vers le support de réglage de
cible (24, 224);
le support de réglage de cible (24, 224)
comprenant en outre une paire d’imageurs
(38), chaque imageur (38) travaillant l’ima-
ge de la lumière projetée traversant l’une
respective des plaques à ouverture (82), et
le système d’ordinateur (42, 170) détermi-
nant l’orientation du véhicule équipé (22)
par rapport au support de réglage de cible
(24, 224) en utilisant les images de la lumiè-
re projetée, obtenues par les imageurs (38).

2. Système selon la revendication 1, comprenant en
outre une paire de panneaux imageurs espacés
(134), la lumière projetée traversant les plaques à
ouverture (82) étant projetée sur l’un respectif des
panneaux d’imageur (134) pour former un motif lu-
mineux (73) sur chaque panneau d’imageur (134)
et, les imageurs (38) étant configurés pour donner
l’image des motifs lumineux (73).

3. Système selon la revendication 2, dans lequel les
panneaux d’imageur (134) sont translucides et, la
lumière projetée traversant les plaques à ouverture
(82) étant dirigée sur la surface avant (136) des pan-
neaux imageurs (134), ces imageurs (38) étant con-
figurés pour donner l’image de motifs lumineux (73)
à partir de la surface arrière (138) des panneaux
imageurs (134).

4. Système selon la revendication 3, comprenant en
outre une paire de boîtiers d’imageur (44a, 44b),
chaque boîtier d’imageur (40a, 40b) comprenant un
ou plusieurs panneaux d’imageur (134) et, chacun
des imageurs (38) est monté dans l’un respectif des
boîtiers d’imageur (40a, 40b).

5. Système selon l’une des revendications 1 à 4, dans
lequel une paire de pinces de roues opposées choi-
sies parmi les pinces de roues avant (36a, 36b) et
les pinces de roues arrière (34a, 34b) comprenant
en outre un capteur de distance (86) pour obtenir
une information de distance des pinces de roues op-
posées par rapport aux parties espacées du support
de réglage de cible (24, 224) et, le système d’ordi-
nateur (42, 170) détermine l’orientation du véhicule
équipé (22) par rapport à ce support de réglage de
cible (24, 224) en se fondant au moins en partie sur
l’information de distance par rapport à ce capteur de
distance (86).

6. Système selon la revendication 1, dans lequel le sup-
port de réglage de cible (24, 224) est monté de ma-
nière mobile par rapport au véhicule de transport (21,
221) en étant mobile entre une position déployée et
une position de transport et, le support de réglage
de cible (24, 224) se place de façon adjacente au
véhicule équipé (22) dans sa position déployée et il
se range pour le transport dans sa position de trans-
port.

7. Système selon la revendication 1, dans lequel le sys-
tème d’ordinateur comprend un contrôleur (42) placé
sur ou adjacent au support de réglage de cible (24,
224) et le contrôleur (42) est configuré pour activer
sélectivement les actionneurs.

8. Système selon la revendication 7, selon lequel le
système d’ordinateur comprend en outre un dispo-
sitif d’ordinateur à distance (170), le dispositif d’or-
dinateur à distance étant configuré pour déterminer
l’orientation du véhicule équipé (22) par rapport au
support de réglage de cible (24, 224) et il transmet
des signaux de commande au contrôleur (42) pour
activer sélectivement les actionneurs.

9. Système selon la revendication 1, dans lequel le sup-
port de réglage de cible (24, 224) comporte un élé-
ment de base (102), monté immobile sur la base (96)
et une tour (114) reliée à l’élément de base (102)
avec le montage de cible (124) porté par la tour (114)
et, l’actionneur comprend un actionneur de l’élément
de base (104) pour déplacer sélectivement l’élément
de base (102) par rapport à la base (96) et un ac-
tionneur de tour (112) pour déplacer sélectivement
la tour (114) par rapport à l’élément de base (102),
le système d’ordinateur (42, 170) étant configuré
pour activer l’actionneur de l’élément de base (104)
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et l’actionneur de tour (112) en réponse à la déter-
mination de l’orientation du véhicule équipé (922)
par rapport au support de réglage de cible (24, 224).

10. Système selon la revendication 9, dans lequel l’élé-
ment de base (102) est déplacé longitudinalement
par l’actionneur de l’élément de base (104) par rap-
port à l’axe longitudinal du véhicule équipé (22), pla-
cé devant le support de réglage de cible (24, 224)
et, la tour (114) est entraînée en rotation autour d’un
axe vertical par l’actionneur de tour (112).

11. Système selon la revendication 10, comprenant en
outre un rail de montage de cible (122) sur la tour
(114) et, les actionneurs comprennent en outre un
premier actionneur de montage de cible (126) et un
second actionneur de montage de cible (120), le pre-
mier actionneur de montage de cible (126) déplaçant
le montage de cible (124) latéralement selon le rail
de montage de cible (122) et le second actionneur
de montage de cible (120) réglant l’orientation ver-
ticale du montage de cible (124).

12. Procédé de calibrage d’un capteur d’un véhicule
équipé, en alignant une cible par rapport au capteur
du véhicule équipé en utilisant le système selon l’une
quelconque des revendications 1 à 11, procédé con-
sistant à:

transporter un support de réglage de cible (24,
224) au véhicule équipé (22) en utilisant un vé-
hicule de transport (21, 221) en déplaçant le vé-
hicule de transport (21, 221) vers l’emplacement
du véhicule équipé;
disposer longitudinalement le véhicule de trans-
port (21, 221) par rapport au véhicule équipé
(22);
positionner nominalement le véhicule équipé
(22) face au support de réglage de cible (24,
224), le support de réglage de cible (24, 224)
ayant une base (96) et un montage de cible (124)
pour soutenir une cible (26) et, le support de
réglage de cible (24, 224) comportant des ac-
tionneurs (31, 104, 112, 120, 126) pour régler
la position du montage de cible (124);
déterminer l’orientation du véhicule équipé (22)
par rapport au support de réglage de cible (31,
104, 112, 120, 126) en utilisant un système d’or-
dinateur (42, 170);
positionner le montage de cible (124) en se fon-
dant sur l’orientation déterminée du véhicule
équipé (22) par rapport à un capteur (30) du vé-
hicule équipé (22) en activant les actionneurs
(31, 104, 112, 120, 126) par le système d’ordi-
nateur (42, 170) et;
effectuer un programme de calibrage selon le-
quel le capteur (30) est calibré en utilisant la
cible (26).

13. Procédé selon la revendication 12, selon lequel le
support de réglage de cible (24, 224) est monté mo-
bile sur le véhicule de transport (21, 221) en étant
mobile entre une position déployée et une position
de transport et, le procédé consistant en outre à dé-
ployer le support de réglage de cible (24, 224) de sa
position de transport à sa position déployée après
avoir transporté le support de réglage de cible (24,
224) vers le véhicule équipé (22) en utilisant le vé-
hicule de transport (21, 221).

14. Procédé selon la revendication 12, selon lequel dé-
terminer l’orientation du véhicule équipé (22) par rap-
port au support de réglage de cible (24, 224) consiste
à:

projeter de la lumière des projecteurs (66) sur
les pinces de roues arrière (34a, 34b) à travers
des ouvertures (88a, 88b, 90a, 90b) de plaque
à ouverture (82) des pinces de roues avant (36a,
36b), les pinces de roues arrière (34a, 34b) étant
montées sur des ensembles de roues opposés
(32) du véhicule équipé (22), les plus éloignés
du support de réglage de cible (24, 224) et les
pinces de roues avant (36a, 36b) sont montées
sur les ensembles de roues, opposés (32) du
véhicule équipé (22), les plus près du support
de réglage de cible (24, 224);
produire des images avec la lumière projetée à
travers les ouvertures (88a, 88b, 90a, 90b) par
les projecteurs (66) avec des imageurs (38) pla-
cés sur le support de réglage de cible (24, 224);
et
déterminer l’orientation du véhicule équipé par
rapport au support de réglage de cible (24, 224)
en se fondant sur les images de lumière projetée
obtenues par les imageurs (38).
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